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????????????????????????????????????????
?????????????????? (AA) ????????????????????
??? (PG) ???????? (LT)???????? (TX) ???????????????
?????????????????????????????AA???????????
??A2 (PLA2) ????????????????PLA2????????????????
???????????????????????????????????PLA2 ????
?????????????????????????????????????????
????????????????????????????????PLA2 ??????
??????????????????????????????Ca2+??????????
?????????????PLA2 (sPLA2)?????PLA2 (cPLA2)?Ca2+????PLA2 
(iPLA2)?PAF??????????? 4??????????????sPLA2 ? 10???
????????????????????????????????????????
mM???Ca2+???????iPLA2 ? 6 ??????????????Ca2+?????
??????cPLA2 ????????PLA2 ???????????6 ????? (α, β, 
γ, δ, ε, ζ) ????????? ????α, β, δ, ε, ζ  ?????Ca2+????????γ ??
????Ca2+???????? 
???????????PLA2 ???cPLA2α?AA???????????? 85kDa?
PLA2???????????????????????????????????????
??AA????????? (Fig. 1)?cPLA2α?????C2 ?????????????? 
(Fig. 2)????????????Ca2+?? ([Ca2+]i) ???????C2 ????????
?????????????????????? (Evans et al., 2001)????????
??AA?????????????????????????????????????
?????????????????????AA???????????????????
???????????????????????????? 4, 5-????? (PIP2) ?
cPLA2α????????????? (Mosior et al., 1998; Hixon et al., 1998 )?PIP2?
cPLA2α?????? (K488, K541, K543, K544) ????Ca2+???????????
??? (Das and Cho, 2002; Six and Dennis, 2003)?cPLA2α?????????????
???????? (Ser505, Ser515, Ser727)?Ser505 ?extracellular signal-regulated 
 2
kinase (ERK) ? p38 mitogen-activated protein kinase (p38MAPK) ? Ser515 ?
Ca2+/calmodulin-dependent kinase? (CaMK?)?Ser727?MAPK interacting kinase 1 
(MNK1) ?????????????????????????? (Hirabayashi et al., 
2004)? 
cPLA2α???????????????????????????????????
(Uozumi et al., 1997)?????cPLA2α???????????????????????
? PG?LT ????????????????????????? TXA2????????
????????????????????????????PGE2??????????
?????????????????????????????????????cPLA2α
????????????????????????????????????? LT ?
??????????????????PGI2 ? PGF2α????????????????
???????????????????????????????????? cPLA2α?
????????????????? (Stephenson et al., 1996; Klivenyi et al., 1998)??
??????? cPLA2α????????????????????????????
???????????????????????????? 
????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
????????? 50%?????????????????????? 5~20%????
????????????????????????????? (????) ???????
????????? ?????????????????????????????????
?????????????????? (4-????????????????) ???? ????
??????????????????????????????????? ??????
????????????????? 18 ???????C-2, 3 ????????? D-??
??????? 
??????????? L-??????????CoA????? 3-????????????
????????????? (Fig. 3)???????????????????????????
??????????????????????????????????????????
????????????????????????????????????????
CERT (?????????) ?????????????????? (Hanada et al., 
 3
2003)??????????????? (SM) ???????????????????????
?SM???????????? (SMase) ???????????????????????
???????????????????????-1-??? (S1P)?????-1-??? (C1P) ?
???????????????????????????????????????????
?????????????????????????? (Hannun, 1996; Pyne and 
Pyne, 2000)? 
????????????? cPLA2α???????????????????????
?? (Pfau et al., 1998; Kitatani et al., 2000; Huwiler et al., 2001)???????????
????????????????????????????????????? cPLA2α
?????????????????????????????????????????
??? cPLA2α??????????????????????????????????
?????????? 
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Fig. 1. A model for the activation of cPLA2α in stimulated cells. 
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Fig. 2. Structure of cPLA2α. 
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Fig. 3. Synthesis and metabolism of sphingolipids. 
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? 1?? ????-1-?????? cPLA2α????? 
 
1.1. ?? 
C1P????????????????????????????????????C1P?
?????????C1P????????????????????? 10 ????????
???????????????????????????????C1P????????? 
(PA) ??????????????????????????????????????
?????????????????C1P??????????????????????
?????????????????????????????????? (Gomez-Munoz, 
2004)?????C1P???DNA???????????????????????????
???????? 3-???? / ?????????B??????NF-?B????????
?SMase??????????????????? (Gomez-Munoz et al., 1997; 2004; 
2005)???C1P??????? (Hinkovska-Galcheva et al., 2005) ????Ca2+??
?????? (Hogback et al., 2003; Tornquist et al., 2004; Colina et al., 2005)????
?C1P?????????????????????????????????Ca2+???
????IL-1β?????AA???????????????? (Pettus et al., 2003)?
SMaseD?SM???????C1P????????????????AA????????
?????????cPLA2α??????Ca2+?????????????????????
????????????C1P?cPLA2α????????????????????????
?????C1P?cPLA2α?????????????????????????????
??????????C1P?in vitro?????????cPLA2α???????AA????
???????????????C1P?????AA????????????C (PKC) ??
???????????????? (Nakamura et al., 2006)? 
 
 
 
 
 
 
 
 7
1.2. ????? 
1.2.1. ?? 
? [5,6,8,9,11,12,14,15-3H]AA (215 Ci / mmol, 7.96TBq / mmol) ? Amersham 
(Buckinghamshire, UK)?1-palmitoyl-2-[14C]arachidonyl-phophatidylcholine (48 mCi / 
mmol, 1176 MBq / mmol) ?Perkin-Elmer (Boston, MA, USA)?C1P (from bovine brain, 
Lot: 063K4094) ?GF109203X?Sigma (St. Louis, MO, USA)?????????
phorbol-12-myristate-13-acetate (PMA) ?Calbiochem (La Jolla, CA, USA)?C8-C1P?
Biomol Res. Lab. (Plymouth Meeting, PA, USA) ???????????????????
???????????????????C1P?C8-C1P???????? / ????? 
(2:1, v/v) ????????????????????? 0.1%?????????????
??AA??????????????????? 
 
1.2.2. ???? 
L929?? (????????) ? C12?????????????????????
?????? 5 % fetal bovine serum (FBS) ???Dulbecco’s modified Eagle’s medium 
(DMEM)? ? 95% air/5% CO2?37???????????Human embryonic kidney 
(HEK) 293T ??? ? 10 % FBS ??? DMEM ??????Chinese hamster ovary 
(CHO)-K1???CHO-W11A??? 10 % FBS??? Ham’s F12? medium?????? 
 
1.2.3. AA???? 
L929???C12???12-well?????4?104 cells????24???0.1 µCi [3H]AA, 
0.1% fatty acid-free bovine serum albumin (BSA) ???DMEM 750 µL? 24?????
??PBS???? 2?wash??500 µL?DMEM (??, 0.1 % BSA, 10 mM HEPES???) 
? 37???????????????? 300? µL???????????????? (8000 
rpm, 5 min, 4?) ????? 250 µL?????????? (count 1)???? 2 % Triton 
X-100 ? 200 µL??? (???? 1%) ?????????250 µL?????????? 
(count 2)?AA??? (% of total) ?????????????? ? ? ? ? ? ?  
  Release = count 1?2 
Total = (count 1?1.2) + (count 2?1.6) 
AA release (%) = Release / Total?100 
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1.2.4. ???????????? 
L929?? (4?104) ?????????????????24????????? (0.1 % 
fatty acid-free BSA??? ) ? 24 ??????????wash??10 µM fura-2 
acetoxymethyl ester , 0.01% cremophore EL, 0.1% BSA???HBSS buffer? 30???
?????????wash??ARGUS (????????) ????fura-2 ?????? 
(F340 / F380) ?????? 
 
1.2.5. PLA2???? 
HEK293T???cPLA2α (pcDNA4/HisMax A-human cPLA2α) ???????????
??  (pcDNA4) ???????????????LipofectAMINE PLUS (Invitrogen, 
Carlsbad, CA, USA) ?????????????????????????? 48????
???lysis buffer (0.34 M sucrose, 100 mM dithiothreitol? (DTT), Complete tablet mini 
(protease inhibitor cocktail; 1 tablet per 10 mL), 0.2% CHAPS, 10 mM HEPES, pH 7.4) 
????????????????????????????????????????
(15000? rpm, 10? min, 4?)? ??????????  cell lysate?protein assay?? 
(Bio-Rad) ?????????????????????? 0.5 µg/µL??????????
PLA2 ? ? ? ? ? ? ? ? ? 1-palmitoyl-2-[14C]arachidonyl phosphatidylcholine?
([14C]PAPC) ?????[14C]PAPC??????????????????????????
????????????TritonX-100 ?????????????????????????
??reaction buffer (50 µM HEPES; pH7.4, 0.1% fatty acid-free BSA, CaCl2, 10 mM 
DTT) 175 µL??? 25 µL??? 50 µL (~ 60000 dpm / tube) ?cell lysate (0.5 µg) 25 µL
? 37?? 30????????????Dole?? (1N H2SO4 / n-heptane / isopropanol = 2 
/ 20 / 78) ? 1.25 mL??????????n-heptane 0.75 mL???? 0.5 mL?????
??????? ???? (3000 rpm, 5 min) ????? 0.75 mL???????? 100 mg?
???????????? n-heptane? 0.75 mL????????????????? 
(3000 rpm, 5 min) ??? ?? 1 mL?????????Microscinti-0 1 mL???????
????????????????14C??????????????PLA2???????? 
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1.2.6. ???????? 
cPLA2α? C2 ????????????? (green fluorescent protein; GFP) ?????
????? (GFP-cPLA2αC2) ??????pcDNA3.1/Zeo(+)-cPLA2α??????????
?????????? PCR????5’?? Bgl??3’?? Pst???? C2 ?????????
????? 
? ?   Up stream: GGAAGATCTATGTCATTTATAGATCCTT 
Down stream: GGTCTGCAGTCAGTCTGGGCATGAGCAAAC 
???? C2 ??????????? pEGFP-C1 (Clontech) ???????????????
??????????????????? DNA??????????????? 
 
1.2.7. GFP???????????????? 
CHO-K1???CHO-W11A??? 60 mm dish? 2?105 cells????24??????? 
2 µg???????????????????Ham’s F12???????????3???
????????????? 1?104 cells????48 ~ 72 ?????????????? 
(Olympus) ????????????????????????????Tyrode HEPES 
buffer (0.1% BSA???) ????????? 450 µL??????? 10???????
50 µL???????????? 
 
1.2.8. ???????????? 
L929??? 20 mM Tris-HCl, 250 mM sucrose, 1 mM EDTA, 100 µM leupeptin, 1 mM 
phenylmethylsulfonyl fluoride?????????????????????????????
??????????????????? (17400?g, 30 min, 4?) ??????????
??????? 1%Triton X-100 ???????????????????????????
??????????Bio-Rad Protein Assay????????????? 10 µg?????
????????PVDF ??????????????????? (5% FBS ??? TBS-T
? 1 ??) ??? PKCα??????????? PKCδ ????????? (Santa Cruz 
Biotechnology)??β-tubulin ?? (Sigma) ? 1 ??????????? rabbit IgG 
horseradish peroxidase?? (Amersham) ? 1????????wash? ECL??? 1
???????????????????????????????????  
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1.2.9. ???? 
L929 ?? (1?104) ?????????????????48 ?????????????
????4% ????????????? (??, 10 min)?0.1% ????????PBS?
wash?????????????? (-20?, 20 min)?1% BSA, 1% normal goat serum, 
0.3% Triton X-100???PBS?????????1???????PKCα????????
???PKCδ???????????PKCε???????????PKCζ?????????
????? (300???, 37?, 1??) ???? 2??????Alexa Fluor 488 ?rabbit 
???????? (300???, 37?, 1??)???????????????????
?????????????????? 
 
 
1.3. ?? 
1.3.1. L929?C12?????? C1P??? AA?? 
L929??? 30 µM C1P? 30??????AA??????? (Fig. 4A)?C1P????
2.5 µM~10 µM??????? 6 ???????AA??????????? (data not 
shown)?L929??????C1P???AA???????? 4 mM EGTA????????
??????????BAPTA-AM (???Ca2+?????) ???????????????
???????C1P???AA??????Ca2+?????????Ca2+????????
?????????C8-C1P????????????[Ca2+]i??????????????
?? (Hogback et al., 2003; Tornquist et al., 2004; Colina et al., 2005)????L929??
? 30 µM C8-C1P? 30??????AA??????????? (data not shown)? 
C1P ??? AA ?????? cPLA2α???????????cPLA2α???????
C12???????????C12??? L929??????????TNF-α???????
???????????????? (Hayakawa et al., 1993)?C12??? 30 µM C1P??
???????? AA ??????????L929 ??????????????????
AA ??????????? (Fig. 4A)?????cPLA2α??????????????? 
(Ono et al., 2002) ? C1P??? AA??????? (Fig. 4B)??????????L929
?????? C1P??? AA??? cPLA2α???????????????????? 
 
 
 11
 
A
A
 re
le
as
e 
(%
 o
f t
ot
al
)
0
1
2
L929 
C12 
C1P 
(30 µM)
1.8 mM CaCl2 EGTA BAPTA-AM
+ + +
*
*
 
  
 
  
  
A
A
 re
le
as
e 
(%
 o
f t
ot
al
)
  
(A)  (B)  
 
 
 
 
 
 
 
 
Fig. 4. C1P stimulates AA release from L929 cells. 
(A), effect of C1P on AA release from L929 cells and
with 30 µM C1P for 30 min. BAPTA-AM (50 µM) wa
with vehicle or C1P. (B), effect of pyrrophenone on 
L929 cells were pretreated with vehicle (control)
stimulated with vehicle (white column) or 30 mM
represent means ? S.E.M. of three independent ex
*P < 0.05, significantly different from the C1P-treate
 
 
 
 
 
 
 
1.3.2. C1P? cPLA2α?????? 
C1P?cPLA2α??????AA??????
?????????????????????
PLA2 ????????0.1 mM CaCl2 ???
(Fig. 5)???????? 1 mM CaCl2????
?????????? 4 mM EGTA?Ca2+???
????????????C1P?cPLA2α???
???????????? 
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Fig. 5. C1P activates cPLA2α in vitro. 
The PLA2 activity in the cytosol fraction from HEK293T cells expressing human cPLA2α was 
measured as described in Materials and Methods. The assays were performed in the absence or 
presence of the indicated calcium concentrations and various concentrations of C1P. Data represent 
means ? S.D. of three determinations in a typical experiment.  
 
 
 
1.3.3. C1P??? cPLA2α?????????????? 
C1P???AA??????cPLA2α??????????????????????
cPLA2α?GFP?????? (GFP-cPLA2α) ????????????L929 ?????
?????????????????????CHO-K1 ???GFP-cPLA2α?????
??????CHO-K1????????GFP-cPLA2α????????????????
????????????Ca2+?????????????????????????? 1~2
??[Ca2+]i???????????GFP-cPLA2α?????????????????? (Fig. 
6A)?????C1P????????? 1~2 ??GFP-cPLA2α?????????????
????? (Fig. 6B)?C1P???GFP-cPLA2α???????????? 4 mM EGTA???
?Ca2+?????????????????? (Fig. 6C)? 
cPLA2α? C2 ???????????????????????????????????
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????????????????????????C1P?C2?????????????
???????C2?????GFP???????? (GFP-cPLA2αC2) ?C1P?????
??????????????????????????C1P??????GFP-cPLA2αC2
?????????????????? (Fig. 6 D and E)????????? C1P? C2 ??
?????? GFP-cPLA2α????????????????????????? 
 
 
 
 
(A) GFP-cPLA2α
5 µM Ionomycin Unstimulated
(B) GFP-cPLA2α
30 µM C1PUnstimulated
(C) GFP-cPLA2α (4 mM EGTA) 
30 µM C1PUnstimulated
(D) GFP-C2 domain
5 µM IonomycinUnstimulated
(E) GFP-C2 domain
30 µM C1PUnstimulated
10 µm
 
 
 
 
 
 
 
 
 
 
?  
 
 
 
 
 
 
Fig. 6. cPLA2α is translocated by stimulation with C1P. 
CHO-K1 cells transiently transfected with the expression vector for GFP-cPLA2α (A , B, and C) or 
GFP-cPLA2αC2 (D and E) were stimulated with 5 µM ionomycin (A and D) or 30 µM C1P (B, C and 
E) for 1 min. The cells were stimulated in the presence of 4 mM EGTA (C). Data are representative of 
3-4 independent experiments. Scale bars, 10 mm.  
 
1.3.4. C1P????????????? 
 14
cPLA2α???????????????????Ca2+??????????C1P?
[Ca2+]i?????????????????????????  (Hogback et al., 2003; 
Tornquist et al., 2004; Colina et al., 2005)????C1P??????L929???[Ca2+]i?
???????????????30 µM C1P?L929???[Ca2+]i????????????
?????ATP?????????????????? (Fig. 7A)????10 µM C1P??
?????? [Ca2+]i???????????  (Fig. 7B)????????C1P???
GFP-cPLA2α????????????[Ca2+]i??????????????????? 
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?) (Table 1)???????cPLA2α???????AA???[Ca2+]i???????????
??????????????????????????L929 ?????? 10 µM C1P?
??AA?????????????????????????????????????AA
??????? (Table 1)?????C8-C1P????????????????AA????
??????? 
 
Table 1. Effect of costimulation of C1P and ionomycin on AA release from L929 cells. 
      AA release (% of control) 
                                     Vehicle      10 µM Ionomycin 
Vehicle     100    190 ? 35 
10 µM C1P    122 ? 48  1172 ? 167* 
10 µM C8-C1P     93 ? 8   176 ? 10 
100 nM PMA    166 ? 27   436 ? 89* 
[3H]AA-labeled L929 cells were treated with vehicle, 10 µM C1P, 10 µM C8-C1P or 100 nM PMA 
in the presence and absence of 10 µM ionomycin for 30 min. Data represent means ? S.E.M. 
of three independent experiments performed in duplicate. *P < 0.05, significantly different from 
the vehicle-treated cells. 
 
 
 
 
PKC?????? GF109203X? L929?????? 30 µM C1P????? AA??
????? (Fig. 8A)????10 µM C1P ??????????????? AA ???
GF109203X????? (Fig. 8B)???? PMA???????????????????
?PMA????PKC???????????????L929???????????PMA
? 6 ???12 ??????? PMA ??????????????? AA ???????
70%?90%????? (data not shown)?????PMA?????? 10 µM C1P ????
??????????? AA ??????? (Fig. 8B)??????????L929 ????
?? C1P??? AA??? PKC???????????????????? 
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Fig. 8. C1P induces AA release through a PKC
GF109203X on C1P-induced AA release from L92
with vehicle or 10 µM GF109203X for 15 min th
represent means ? S.E.M. of three independent 
effects of GF109203X or PKC down-regulation o
release from L929 cells. [3H]AA-labeled cells were
100 nM PMA for 12 h and then costimulation wit
means ? S.E.M. of three independent experime
significantly different from the value without GF109
 
 
 
1.3.6. C1P??? PKC???????? 
PKC??????????????????
? (Webb et al., 2000)???? C1P? PKC?
???????CHO-K1??? PKC?GFP?
??????C1P?????? GFP-PKCε??
?????????? (Fig. 9A)????L929
???????????????????????
PKCα? PKCδ?????????????
L929????????? PKC??????
????? PKCα?PKCδ?PKCε?????
???? (Fig. 9C)? 
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n stimulated with 30 µM C1P for 30 min. Data 
xperiments and each performed in duplicate. (B), 
 10 µM C1P plus 10 µM ionomycin-induced AA 
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 C1P and ionomycin for 30 min. Data represent 
nts and each performed in duplicate. *P < 0.05, 
203X or PMA.  
????????????????????
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?????????GFP-PKCζ?????
????????? PKC?????????
???L929?????? C1P??????
???????????? (Fig. 9B)?????
?????????????????C1P?
?????PKCζ???????????
Unstimulated 10 µM C1P 100 nM PMA 
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?????C1P?AA????????????????????C1P?cPLA2α???
?????????????????????????????????PKC??????
??????????????????????????????Pettus??C1P?
cPLA2α?C2 ???????????????AA??????????????? (Pettus 
et al., 2004)?????????C1P?cPLA2α???????????????? 0.1 mM
???Ca2+??????4 mM CaCl2?????????????????Pettus??C1P
?cPLA2α?Ca2+?????????????????????????????????
??????????????Ca2+???cPLA2α??????C1P???????????
?????????????????????????????????????????
??????????PIP2 ???cPLA2α?????????????????????
????????C1P?cPLA2α?Ca2+?????????????????????????
?????????????????????????????cPLA2α?????????
???????? 
C1P?PKC??????cPLA2α???????????????????????
cPLA2α??????[Ca2+]i????????????????????????PKC??
??????ERK????????????????cPLA2α????????????
L929??????PMA?AA??????????????????????AA?????
??????[Ca2+]i????PKC????????????????????L929 ???
??????????????AA????PKC?????????????????L929
?????? 10 µM C1P?[Ca2+]i?AA????????????PMA?????????
?????AA?????????????C1P???cPLA2α?????? 2??????
???????C1P????????????????????????PKC??? 
(GF109203X) ?PKC???C1P???AA???????? L929 ??????
conventional PKC (α, β)?novel PKC (δ, ε)?atypical PKC (ζ) ??????????? 
(O’Connell et al., 1997)?????????????C1P?PKCα, δ, ε????????
???PKCζ???????????????????????????????L929??
????C1P?????AA????PKC???????????????????? 
C1P?????AA???????PKC???????????????????????
GF109203X???? PKC???????????????atypical PKC ??????C1P
????? AA??? GF109203X?? 70%??????PMA???????? PKC?
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??? 50%?????????????????? PMA??????? AA??? C1P?
???? (data not shown)????????? C1P????? AA???? PMA???
?? atypical PKCζ????????????????? PKC????????????
?????????????C1P?PKC???????????????????????
????????conventional PKC?novel PKC??????????????????
???????????C1P ? PLC ????????????????????????
???????????????????????? PKC ???????????????
???????????? (Lee et al., 1996; Kajimoto et al., 2001; Aschrafi et al., 2003; 
Wang et al., 2005)?PKC???????? (C1?C2 ????) ?????????????
?? C1P? PKC???????????????????C1P????????????
??????????????? 
C1P??????cPLA2α????????????????????????????
?????????????????????Pettus???? (2004) ??C1P????
??cPLA2α?Ser505 ?????????????????????U0126 (MEK???) 
?SB203580 (p38MAPK???) ?C1P?????AA???????????? (data 
not shown)?C1P?cPLA2α?Ser505 ??????????????????PKC????
??cPLA2α???????MAPK????????????? (Xu et al., 2002)?????
??????????????????cPLA2α?Ser727 ???????[Ca2+]i?????
cPLA2α????????????????????AA??????? (Gijon et al., 1999)?
??????C1P?cPLA2α?Ser515?Ser727?????????????????? 
??????C1P ????? AA ??? cPLA2α?????????????C1P ?
cPLA2α???????? PKC????????????????????????????
?????? cPLA2α? C2 ??????????????????????????????
?????? 
 
 
 
 
? 2?? ??????????????? cPLA2α?????? 
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2.1. ?? 
?????????????????????????????????????????
??????????????????????????? (van Blitterswijk et al., 2003)?
????? L-?????????? CoA?????????? de novo????SMase??
? SM???????????????????????? TNF-α?Fas-??????????
???γ????????????????????????????????????????
????????????????????????????????????? S1P ???
???????????? S1P ???????????????????????????
??? (Kupperman et al., 2000)? 
????? 1????? C1P? cPLA2α???????????????? C1P???
????????cPLA2α???????????????????????????????
??????S1P ? cPLA2α?????????????????????????????
cPLA2α???????????????? (Nakamura et al., 2004a)???????????
?????? cPLA2α??????? cPLA2α?????????????????????
?????????? (manuscript in preparation)? 
 
 
2.2. ????? 
2.2.1. ?? 
C2-????????????? Sigma (St. Louis, MO, USA)?S1P? Biomol Res. Lab. 
(Plymouth Meeting, PA, USA) ??????????? 
 
2.2.2. ???? 
L929???C12??? 5% FBS??? DMEM??HEK293T??? 10% FBS???
DMEM????? 95% air/5% CO2?37??????????? 
 
2.2.3. GFP-cPLA2α????????? 
HEK293T??? 60 mm dish? 2?105 cells????24??????? 2 µg??????
?????????????DMEM???????????3 ?????????????
??? 1?104 cells????48 ~ 72?????????????? (Olympus) ????
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??????????????? ??????????Tyrode HEPES buffer (0.1% BSA?
??) ????????? 1.8 mL??????? 10??????? 200 µL???????
????? 
 
2.2.4. ???????? 
cPLA2α?????? (?397-749??530-749??726-749) ?GFP ????????? 
(GFP-cPLA2α?397-749?GFP-cPLA2α?530-749?GFP-cPLA2α?726-749) ????
??GFP-cPLA2α????????????????????PCR????5’??Bgl??3’
?? Pst?????????????? 
Up stream: GGAAGATCTATGTCATTTATAGATCCTT 
Down stream: CAACTGCAGGGCACTGCCCCAGACACC (?397-749) 
CAACTGCAGATCAGGATCTGCTACAGC (?530-749) 
                  CAACTGCAGACGAGATGGATTCTGTCT (?726-749) 
???????????? pEGFP-C1?????????????????????????
????????? DNA??????????????? 
 
 
2.3. ?? 
2.3.1. ????????????????????-1-???? cPLA2α?????? 
?????????????S1P ? cPLA2α??????????????????? in 
vitro????cPLA2α??????????cPLA2α??????cPLA2α???????
??HEK293T??? cell lysate???????????????????????????
????????? C2-?????????4 mM CaCl2???? PLA2?? (? 3000 dpm) 
? 50 µM C2-?????? 75%???? (Fig. 10)?5 µM C2-????? PLA2??????
????????????? PLA2??? 5 µM??? 50%?20 µM??? 95%?????
???????S1P? 50 µM???????? PLA2?????????????????
??C2-???????????????????????? cPLA2α??????????
???????? 
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Fig. 10. Effect of sphingolipids on cPLA2α activity in vitro. 
The PLA2 activity in the soluble fraction from HEK293T cells expressing human cPLA2α was 
measured as described in Materials and Methods. The assays were performed in the presence of 
vehicle or the indicated concentrations of C2-ceramide (C2-Cer), sphingoinse (Sph), and S1P.  Data 
represent means ? S.D. of three determinations in a typical experiment from two independent 
experiments.  
 
 
2.3.2. ????????????? AA?????? 
C2-????????????? cPLA2α??????? AA ?????????????
????H2O2 ????????????????????? cPLA2α??????????
??????????????H2O2????????????? L929 ????? AA ??
????????cPLA2α???????C12?????AA??????????? (Fig. 
11A)??????????? AA????? cPLA2α?????????????????
??????cPLA2α???????????????? H2O2??????????????
? L929?C12 ????? AA ?????????????????????? cPLA2α??
????? AA???????????30 µM C2-????? L929??????H2O2???
???????????? AA??????? (Fig. 11B)? 
????? cPLA2α??????AA??????????????????? (Huwiler et 
al., 2001)?C2-?????AA????????????????L929?????? 100 µM 
C2-????? AA ????????????????????? AA ?????????? 
(Fig. 11C)? 
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ig. 11. Effects of sphingosine and C2-ceramide on AA release from L929 cells. 
A), effect of sphingosine on H2O2 plus ionomycin-induced AA release from L929 and C12 cells. 
3H]AA-labeled cells were pretreated with vehicle, 30 µM sphingosine (Sph) or 3 µM pyrrophenone 
Pyrr) for 15 min then stimulated with vehicle or 2 mM H2O2 plus 5 mM ionomycin for 30 min. (B), 
ffect of C2-ceramide on H2O2 plus ionomycin-induced AA release from L929 cells. [3H]AA-labeled 
ells were pretreated with vehicle or the indicated concentrations of C2-ceramide for 15 min then 
timulated with vehicle or 2 mM H2O2 plus 5 mM ionomycin for 30 min. (C), effect of C2-ceramide on 
A release from L929 cells. [3H]AA-labeled cells were stimulated with vehicle, 5 µM ionomycin and 
00 µM C2-ceramide for 30 min. Data represent means ?  S.E.M. of three independent 
xperiments and each performed in duplicate. 
.3.3. cPLA2α?????????????????????????????? 
cPLA2α??????????????????????? C2-?????????????
?HEK293T ??? GFP-cPLA2α?????????????????????????
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????? C2-???????? 5?????? GFP-cPLA2α??????????????
??? (Fig. 12)?30??????????? (data not shown)??????????? C2-
?????????????????? GFP-cPLA2α???????????????? (Fig. 
12A)???????? C1P ??? GFP-cPLA2α????????????????cPLA2α
?C2???????????????????????C2-?????????????????
???????? GFP-cPLA2αC2 ??????????????????? (Fig. 12B)??
??????????????? C2-?????? cPLA2α? C2 ?????????????
?????????????????????????????? 
 
 
 
0 s 40 s
300 s0 s
300 s0 s
60 s0 s
60 s0 s
0 s 120 s
Iono
(5 µM)
Sph (5 µM)
+
Iono
C2-Cer
(10 µM)
+
Iono
(A) GFP-cPLA2α (B) GFP-cPLA2αC2
 
 
 
 
 
 
 
 
 
 
Fig. 12. Effects of C2-ceramide and sphingosine on ionomycin-induced translocation of cPLA2α. 
HEK293T cells transiently transfected with the expression vector for GFP-cPLA2α (A) or 
GFP-cPLA2αC2 (B) were pretreated with vehicle, 5 µM sphingosine or 10 µM C2-ceramide for 5 min 
(0 s) then stimulated with 5 µM ionomycin for the indicated time. Data are representative of three 
independent experiments. 
 
 
 
??????????? C2-??????? cPLA2α??????????????????
cPLA2α?????????????GFP-cPLA2α??????????????(Fig. 
13A)????????????????????????? C2-?????????????
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GFP-cPLA2α?397-749?GFP-cPLA2α?530-749?GFP-cPLA2α?726-749 ??????
??????????????????????????????C2-????????????
???? (Fig. 13B)????????????????? C2-????? cPLA2α? C???
??????????????????????????????????????? 
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0 s 0 s 0 s60 s 120 s 180 s
90 s 90 s
0 s 0 s 0 s120 s 180 s 90 s
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+
Iono
GFP-cPLA2α?397-749
(A)
S505
S515 S727
C2 Domain Catalytic
Domain A
Catalytic
Domain B
GFP
GFP-cPLA2α
GFP-cPLA2α?397-749
GFP-cPLA2α?530-749
GFP-cPLA2α?726-749
GFP-cPLA2α?530-749 GFP-cPLA2α?726-749
(B)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Effects of C2-ceramide and sphingosine on ionomycin-induced translocation of cPLA2α 
deletion mutants. 
(A), structures of cPLA2α deletion mutants fused GFP. (B), HEK293T cells transiently transfected 
with the expression vector for GFP-cPLA2α?397-749, GFP-cPLA2α?530-749 or GFP-cPLA2α?
726-749 were pretreated with vehicle, 5 µM sphingosine or 10 µM C2-ceramide for 5 min (0 s) then 
stimulated with 5 µM ionomycin for the indicated time. Data are representative of 3-4 independent 
experiments.  
2.4. ?? 
????????????? C2-????? cPLA2α????????????????
cPLA2α?????????????????????????????????? C1P ??
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??????????? C2-????? cPLA2α? C2 ??????????????????
???????????? GFP-cPLA2αC2 ????????????????????????
GFP-cPLA2α???????????????????????C2-????? cPLA2α?C
???? (726-749) ???????????????????????????????
?????????????????????? cPLA2α???????????????? 
(Pettus et al., 2004)????????????? C??????????????????
??????????????????????????????????? (Fukusawa et 
al., 1999) ???????????????????????? cPLA2α?????????
cPLA2α???????????????????????? PKC ???????????
??????????? (Kajimoto et al., 2001; Aschrafi et al., 2003)? 
cPLA2α???????C2 ????????????????????????????
??????cPLA2α???????????????????????????PIP2 ???
PC?????Ca2+???????????????? (Hixon et al., 1998; Mosior et al., 
1998)????cPLA2α??????????????????? (Glu419, Glu420, Asp436, 
Asp438, Asp439, Asp440) ????????????????????????????
????? (Ile399, Leu400, Leu522) ?????????????? (Das and Cho, 
2002)???????Ca2+????PC?????C2 ???????????????????
???????cPLA2α?C????????????? (Glu734, Glu742) ??????
?? (Arg736, Arg737, Lys741, Lys746, Lys748) ??????????????????
????????????????cPLA2α?C???????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????GFP-cPLA2α???????????????? (data not 
shown)????C2-??????????????????????????????C2-
??????????????????????cPLA2α?????????????????
??????????????C2-???????????????????????????
????????????cPLA2α??????????????????????????
??cPLA2α?C???????????????????????????in vitro?
cPLA2α???????????PAPC???????????????????? 
C2-????? cPLA2α??????? AA ???????????AA ??????? 
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(Fig. 11)??????PKC???????????????? (Lee et al., 1996)?L929??
????H2O2???????????????AA????PKC????????????
C2-?????PKC?????????????????cPLA2α????????????
?????C2-???????? C1P ???????????????? (Mitsutake et al., 
2004)???? C1P????? AA??????? (Pettus et al., 2003)????????
???C2-????? cPLA2α?????????????????? in vitro???? cPLA2α
????????????C2-???????????????? cPLA2α???????AA
???????????????????????? PKC?????????? cPLA2α??
???????????????? (Huwiler et al., 2001; Kajimoto et al., 2001; Wang et 
al., 2005)???????? C2-????? AA????????????????????
?????C2-????? C6-????? THP-1??????????????? AA???
??????? (Pfau et al., 1998)?C6-???????????????????? AA??
? cPLA2α?????????????????? (Sato et al., 1999)?????? C2-??
??????????? AA???????????????????????? 
??????????? cPLA2α???????? C2-?????????????S1P ?
??????????C2-????????????? cPLA2α??????????????
??????????????????? cPLA2α? C??????????????????
???????????????????????? 
?  
 
 
 
 
 
 
 
 
? 3?? ?????????-1-????????????????????? 
 
3.1. ?? 
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S1P???????????????SM??????????????????????
?????? (Ishii et al., 2004)???????????????? (PA) ???????
?PA?????????????????????????????S1P????????
??nmol????????????????????????????????????
???? (Yatomi et al., 2001)????????????????????????????
???????????????????????????????S1P????????
????????????????Ca2+???????????????????????
??????????????? 1998 ??S1P?????????????S1P1???
?????? (Lee et al., 1998) ???S1P1???????S1P???????????
? (S1P2-S1P5) ???????????????????S1P???????????
???????????????????? (Ishii et al., 2004)? 
S1P ??????????????? 2 ?????????????????????
????????????????????????????????????????
?????????????S1P ???????????????????????????
?????????2002 ?????????????????????????
FTY720?????????S1P?????????????????? (Mandala et al., 
2002; Brinkmann et al., 2002)?S1P????????????????????????
S1P??????????????????????????S1P??????????
S1P??????????????????????????????? 
????????cPLA2α???????? C1P???????????????????
??????????????????????? cPLA2α??? AA??????????
???????S1P?AA????????????? (Vasta et al., 2000) ???????
AA ?????????????????? (Tornquist et al., 1997; Hashizume et al., 
1997)????AA ?????????? S1P ????????????????????
??????????????????? (??????) ???????????
S1P ???? AA ????????? PC12 ???L929 ???C12 ?????????
??????? S1P?????????????????? (Nakamura et al., 2004b)? 
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Fig. 14. Formulae of tested S1P analogs. 
 
3.2. ????? 
3.2.1. ?? 
RHC80267? Biomol Res. Lab. (Plymouth Meeting, PA, USA)????????????
???????? Research Biochemicals (Natick, MA, USA)?????????????
Cayman Chemicals (Ann Arbor, MI, USA)???????????WAKO (Osaka, Japan)?
Go6976 ? U0126? Calbiochem (La Jolla, CA, USA)?D-e-????????????D-e-
????????????DL-t-???????????? Sigma (St. Louis, MO, USA) ???
???????? 
3.2.2. ???? 
? PC12?? (????????????) ? 5% FBS ? 5% horse serum (HS) ???
DMEM? 95% air/5% CO2?37???????????L929???C12??? 5% FBS?
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?? DMEM??HEK293T??? 10% FBS??? DMEM?????????? 
 
3.2.3. AA???? 
70~80% confluent??????? 0.33 µCi/mL?[3H]AA???DMEM? (serum-free) ?
24 ???????????????[3H]AA????????[3H]AA????DMEM????
??PBS (137 mM NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, 1.5 mM KH2PO4, pH 7.4) ? 1
?wash?????PBS????????????? (1200 rpm, 2 min, 4?) ??????
???????Tyrode HEPES buffer (137 mM NaCl, 5 mM KCl, 5 mM glucose, 20 mM 
HEPES, pH 7.4) ?????????? (1200 rpm, 2 min, 4?) ???????????
Tyrode HEPES buffer????????????1.5 mL???????????????
reaction buffer [137 mM NaCl, 5 mM KCl, 5 mM glucose, 20 mM HEPES, 4 mM (final 2 
mM) MgSO4, 4 mM (final 2 mM) CaCl2, 0.2% (final 0.1%) BSA (fatty acid-free), ??] 
? 100 µL???????????????? 100 µL ???37??????????????
????????????vehicle + ?????????????????? (??)???
??stop buffer (137 mM NaCl, 5 mM KCl, 5 mM glucose, 20 mM HEPES, 5 mM EDTA?
2Na, 5 mM EGTA, pH 7.4) ? 500 µM???????????? (8000 rpm, 30 sec, 4?) 
??? ??? 500 µL??????????????????? (sample ; count 1, ?? ; 
count 2)????????? 100 µL?????????? (total ; count 3)?AA??? 
(%) ?????????????? 
Release = (count 1?count 2)?700 / 500 
Total = count 3 
AA release (%) = Release / Total?100 
 
3.2.4. LDH leakage?? 
PC12??? 12-well collagen-coated dish ? 70~80% confluent??????????
??????????????????????? (1000?g, 3 min, 4?) ???????
???? LDH??????? (count 1, count 2)???? 0.1% Triton-X??? PBS??
???LDH??????? (count 3)?LDH??????????? (Roche) ?????
????LDH leakage (%) ?????????????? 
          LDH leakage (%) = (count 1 / (count1 + count 2 + count 3))?100 
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3.2.5. ????????????? 
70~80% confluent??????? PBS? wash ???????????????????
? (1200 rpm, 2 min, 4?) ???????????0.1 % BSA ? 10 mM HEPES????
DMEM ????????????1.5 mL ???????????????? DMEM 100 
µL????????????????????? 100 µL????37?? 30???????
??????????? (8000 rpm, 30 sec, 4?) ???? 50 µL?????? PG???
? Enzyme Immunoassay kit (Cayman) ????????? 
 
 
3.3. ?? 
3.3.1. ?????????-1-????????? AA?? 
????????????S1P???????Fig. 14 ??????????????
???D-e-S1P???S1P????PC12 ??????AA????????D-e-S1P??
?????D-e-C13-S1P?D-e-C8-S1P?AA????????????  (Table 2)?
D-e-TM-S1P????AA?????????D-e-MM-S1P?AA?????????????
????????L-t-DM-S1P?L-t-DMBn-S1P????AA?????????L-t-S1P?
L-t-Bn-S1P?AA???????????L-t-DMBn-S1P???AA????????? 1?
??????5 ??????????? (Fig. 15A)?L-t-DMBn-S1P?L-t-TM-S1P????
???AA??????? (Fig. 15C)????L-t-DMBn-S1P (Fig. 15B) ?L-t-TM-S1P 
(data not shown) ???AA??????Ca2+????????????????????
?????????AA?????????? (Fig. 15C)??????S1P????????
AA???????????L-t-DMBn-S1P???????????????PC12 ????
??L-t-DMBn-S1P?PGE2?PGF2α???????? (Table 3)????L-t-DMBn-S1P?
Na3VO4???????????????PGE2?PGF2α???????? 
 
Table 2. Effects of the tested S1P analogs on AA release. 
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Vehicle
D-e-S1P
D-e-C13-S1P
D-e-C8-S1P
D-e-MM-S1P
D e TM S1P
0.88 ? 0.13
0.48 ? 0.17
0.62 ? 0.20
0.78 ? 0.21
1.52 ? 1.02
4 34? 0 42
5.3 ? 0.6
27.6 ? 2.6
N.D.
N.D.
59.8 ? 3.9
17 3? 3 9
20.5 ? 4.2
43.7 ? 4.1
15.2 ? 1.9
17.6 ? 0.5
84.9 ? 11.0
32 7? 10 3
4.89
2.24
?0.40
5.35
5 38
Compounds AA release
(% of total)
LDH leakage (%)
(4 h)
LDH leakage (%)
(24 h)
Lipophilicity
(CLOG P)
*
*
*
  
 
 
 
 
 
For the measurement of AA release, labeled PC12 cells were incubated with vehicle or the 
indicated S1P analogs (100 µM) for 30 min. Data are presented as percentages of the total 
incorporated [3H]AA, and are the means ? S.E.M. for three independent experiments done in 
triplicate. *P < 0.05, significantly different from the control value. For the measurement of LDH 
leakage, PC12 cells were cultured with vehicle, D-e-S1P analog (50 µM) or the indicated S1P 
analogs (30 µM) for 4 h. The cells were washed with S1P analog-free DMEM and then cultured for 
an additional 20 h without S1P analogs. Data are the means ?  S.E.M. for four to eight 
independent experiments done in triplicate. *P < 0.05, significantly different from the control value. 
In some experiments, PC12 cells were cultured with vehicle or the indicated S1P analogs (50 µM) 
for 24 h. Data are the means ? S.D. for a typical experiment. The data are representative of 
three independent experiments. Values of calculated octanol-water partition coefficient (CLOG P) 
are shown as the lipophilicity.  
 
 
 
 
Table 3. PGE2 and PGF2α formation induced by L-t-DMBn-S1P in PC12 cells. 
Addition      PGE2 (pg/mL)   PGF2α (pg/mL) 
Vehicle            14 ? 1    165 ? 12 
L-t-DMBn-S1P      112 ? 9    237 ? 16 
Na3VO4 / ionomycin     188 ? 15    537 ? 29 
Na3VO4 / ionomycin + L-t-DMBn-S1P   358 ? 3   1737 ? 128 
PC12 cells were incubated with DMEM in the presence 0.2% fatty acid-free BSA for 20 min (PGE2) 
or 10 min (PGF2α) at 37? . The medium was further supplemented with vehicle, 20 µM 
L-t-DMBn-S1P and/or 5 mM Na3VO4 plus 5 µM ionomycin. The amount of PGE2 and PGF2α in the 
medium was measured by respective EIA kits. Values are the means ? S.D. in a typical experiment. 
The data are representative of two independent experiments. 
 
 
 33
 
 
0 5 10 15 20
0
4
8
12
A
A
 re
le
as
e 
(%
 o
f t
ot
a l
)
Vehicle
L-t-DMBn-S1P
Time (min)
? ? ? ?? ?
(A) (B)
 
 
 
0
4
8
12
A
A
 re
le
as
e  
(%
 o
f t
ot
al
)
CaCl2
   
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
F
(
i
w
T
w
a
l
m
 
 
3
?
?
?
?
?
?
 ig. 15. AA release induced by L-t-DMBn-S1P and D-e-TM-S1P in PC12, L929 and C12 cells.  
A), PC12 cells labeled with [3H]AA were incubated with vehicle or 100 µM L-t-DMBn-S1P for the 
ndicated time. Values are the means?S.D. in a typical experiment. (B), PC12 cells were incubated 
ith vehicle or 50 and 100 µM L-t-DMBn-S1P for 30 min in the absence and presence of 2 mM CaCl2. 
he assay mixture was further supplemented with 0.2 mM EGTA. (C), PC12 cells were incubated 
ith the indicated concentration of L-t-DMBn-S1P (?, ?) and D-e-TM-S1P (?, ?) for 30 min. The 
ssay mixture was further supplemented with vehicle or 5 µM ionomycin. (D) L929 and C12 cells 
abeled [3H]AA were incubated with vehicle or 100 µM L-t-DMBn-S1P for 30 min. (B)-(D) Data are the 
eans ? S.E.M. for three independent experiments done in triplicate.  
.3.2. L-t-DMBn-S1P??? AA?????? cPLA2α?????? 
L-t-DMBn-S1P???AA??? cPLA2α??????????????????????
cPLA2α???????C12??????????? L929??????AA?????
??L929???C12????? L-t-DMBn-S1P?????? AA???????????
???? AA?????????????? (Fig. 15D)? 
?? L-t-DMBn-S1P? cPLA2α???????????????????? in vitro??
?cPLA2α????????PC12????????????cPLA2α????????
? (100-200 dpm) ???cPLA2α????????? HEK293T??????????
????????? 4 mM CaCl2??? 2000-3000 dpm??????????????
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L-t-DMBn-S1P?5 µM?20 µM?? cPLA2α????????????50 µM?? cPLA2α
??????? (Fig. 16A)????D-e-S1P? 50 µM ???????? cPLA2α????
??????? 
L-t-DMBn-S1P ? cPLA2α???????????????????????
GFP-cPLA2α? HEK293T ?????????????????????????????
GFP-cPLA2α????????????????????L-t-DMBn-S1P?GFP-cPLA2α
????????????? (Fig. 16B)????L-t-DMBn-S1P ???????????
GFP-cPLA2α???????????????????????L-t-DMBn-S1P ? cPLA2α
?????? AA??????????????? 
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ig. 16. L-t-DMBn-S1P does not activate cPLA2α. 
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easured. The assay mixture was further supple
-t-DMBn-S1P and D-e-S1P. Value are the means ?
xperiment. (B), translocation of GFP-cPLA2α by
ransiently transfected with the expression vector codi
M ionomycin, 20 µM L-t-DMBn-S1P and 5 µM 
luorescence images were recorded at 10 min after 
dependent experiments. 
.3.3. L-t-DMBn-S1P??? AA???????
L-t-DMBn-S1P ??? AA ?????????
???????PLA2????????????
??????? (50 µM) ?????? (100 µM
35Ionomycin L-t-DMBn-S1P
+ Ionomycin  
om HEK293T cells expressing cPLA2α was 
mented with the indicated concentrations of 
 S.D. for the duplicate samples in a typical 
 ionomycin was examined. HEK293T cells 
ng GFP-cPLA2α was stimulated with vehicle, 5 
ionomycin / 20 µM L-t-DMBn-S1P. Confocal 
the treatment. The panels are typical of three 
??????? 
???????????????????
???? PLA2?????? p-?????
) ? L-t-DMBn-S1P??? AA?????
?????? (???? 20%?13%??)?????????????? iPLA2??? (?
??????????; 50 µM)?cPLA2 ??? (??????????????????; 20 
µM)?sPLA2??? (?????????; 5 mM) ? L-t-DMBn-S1P??? AA?????
?????????PLA2 ??????????????????????????????
?????????? (RHC80267; 50 µM)?MEK??? (U0126; 20 µM)?p38MAPK
??? (SB203580; 10 µM)?PKC??? (Go6976; 10 µM)?Gi?????? (???
??; 10 µM) ????? L-t-DMBn-S1P ??? AA ?????????? (data not 
shown)? 
??????D-e-???????? D-e-???????????? AA??????????
???? (Nakamura et al., 2004a)?D-e-???????? D-e-????????????D-e-
???????????? L-t-DMBn-S1P??? AA????????????? (Fig. 17)?
???DL-t-????????????D-e-S1P? AA??????????? 
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Fig. 17. Inhibitory effects of D-e-sphingosine analogs on L-t-DMBn-S1P stimulated AA release from 
PC12 cells. Labeled PC12 cells were incubate with 100 µM L-t-DMBn-S1P in the presence of the 
indicated concentrations of D-e-sphingosine, D-e-DHS, D-e-DMS, DL-t-DHS and D-e-S1P. The data 
are normalized as the percentage of AA release induced by 100 µM L-t-DMBn-S1P alone. Values are 
the means ? S.E.M. for three independent experiments done in triplicate. 
 
3.3.4. ?????????-1-???????????? 
PC12?????? 100 µM S1P???? 30??????? LDH?????????
??PC12 ????????? 24 ?????????????????????????
? (Shimma et al., 2003)?????????vehicle (2.5% DMSO) ?????????
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PC12??? 24???????? LDH??? 20%?????? S1P???? 24???
?????? LDH???????????D-e-S1P?D-e-MM-S1P?D-e-TM-S1P?L-t-S1P?
L-t-DMBn-S1P? LDH??????????? S1P???? LDH?????????? 
(Table 2)?????? S1P???? 4????????? LDH????????????
?? PC12??? S1P???? 4????????? wash out???????? 20?
??????? LDH ???????????????? D-e-S1P?D-e-MM-S1P?
L-t-DMBn-S1P???? LDH???????? 
 
 
3.4. ?? 
? ????? AA ??????????????? S1P ???????????
D-e-TM-S1P?L-t-DM-S1P?L-t-DMBn-S1P? AA???????D-e-MM-S1P?????
??????????????? S1P?????? AA????????????????
????? 
D-e-S1P? G??????????? S1P??? (S1P1~S1P5) ??????????
?????? D-e-S1P ??? D-e-dihydro-S1P ??????????PC12 ????
S1P2 ? S1P5 ?????????????? (Pyne and Pyne, 2000; Spiegel and 
Milstien, 2002)???????????? D-t-DMBn-S1P???AA???S1P?????
??????????????????????????D-e-S1P?AA?????????
????S1P?????? Gi ??????????????????? L-t-DMBn-S1P?
?? AA????????????????????????S1P??????? S1P??
?????????????????D-?????? S1P?????????????L-?
?????D-?????L-????????????? (Lim et al., 2003)???????
D-t-DMBn-S1P??? AA??? S1P???????????????????????
?????????????????????? 
D-e-S1P ???????????????????????????????????? AA
??????? S1P???? 50 µM ?????????????????????????
??????????? AA ???????????????????AA ???????
S1P????????????????? (log P > 4.92) ????L-t-DMBn-S1P???
??????????????????L-t-DMBn-S1P??????????? L-t-Bn-S1P
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? AA?????????????????S1P?????? AA???????????
????????? 
L-t-DMBn-S1P ??? AA ?????????????????????????????
??? cPLA2α?????????????????????????????????
L-t-DMBn-S1P??? AA?????????????? L-t-DMBn-S1P? cPLA2α???
??????????????L-t-DMBn-S1P? in vitro???? cPLA2α????????
?? GFP-cPLA2α??????????????????????????L-t-DMBn-S1P ?
C12??????? AA????????????? L-t-DMBn-S1P? cPLA2α?????
??????? AA???????????????? 
iPLA2 ?sPLA2 ??????????????????????????????
L-t-DMBn-S1P???AA??????????????????????????????
?????????iPLA2 ????L-t-DMBn-S1P???AA??????????????
L-t-DMBn-S1P?iPLA2?????????????sPLA2??????mM????Ca2+
?????????sPLA2???????DTT?L-t-DMBn-S1P???AA????????
?????????sPLA2 ? L-t-DMBn-S1P???AA??????????????
L-t-DMBn-S1P?????????????????? 
???????????????????????? PLA2 ??????????? 
(Yamamoto et al., 1997; Yasuda et al., 1999; Capper and Marshall., 2001)?PC12??
???? AA? 24??????? LDH???????? (Macdonald et al., 1999)?L929
??????TNFα???????cPLA2α???????? (Hayakawa et al., 1993)??
????????? S1P?????? AA??????????????????????
????D-e-MM-S1P? cPLA2α???????? C12??????? L929?????
? LDH????????? (data not shown)?????????D-e-S1P? D-e-MM-S1P
? AA??????????????????????????? 
S1P???????????????? (Pyne and Pyne, 2000; Spiegel and Milstien, 
2002)?PC12 ???????S1P ??????????????????????????
??????????? (Edsall et al., 2001)?????S1P???????????????
??????? (Van Brocklyn et al., 1998; Davaille et al., 2002)????????????
????????????????????????????????????????
??D-e-S1P? D-e-MM-S1P? 20 µM???????????????????????
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????????????????????????D-e-S1P? D-e-MM-S1P? PC12?
????? p38MAPK??????????? (Takashiro et al., 2005)?p38MAPK??
??? PC12??????????????????????????????????? 
(Eilers et al., 1998; Chen et al., 2003)?D-e-S1P? D-e-MM-S1P? S1P???????
??????????????????????????? D-e-MM-S1P ???????
D-e-S1P ???????????????????S1P ????????????????
D-e-S1P ???? D-e-MM-S1P ??????????????????????????
?S1P??????????????????????AA??????????????
????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
????? 
 
??????cPLA2α???????????????????????????C1P?
cPLA2α????????PKC???????????????AA???????????
 39
???????????C1P?cPLA2α?C2 ???????????????????????
?????????????????cPLA2α?????????????????????
??????PIP2????????PIP2?cPLA2α???Ca2+??????????????
C1P?cPLA2α???Ca2+????????????cPLA2α?????????????
??????????????????????C1P?????????????????
??????C1P?PKC?????????????????????PKC?C1P????
??????????????PKC??????????????????????????
?????????????C1P??????????????????? 
C2-????????????? cPLA2α???????????????????????
????????????????C2-????????????? cPLA2α? C ??????
?????????????????????????????????????? cPLA2α?
C ????????????????????????????????????????
??C????? cPLA2α????????????????????????? C???
?????????????????? 
?? S1P ????????? cPLA2α????? AA ???????????????
???????????? AA???????????????????????? AA?
???????? L-t-DMBn-S1P?????????????? 
???????????????????????????? cPLA2α????????
????????????cPLA2α????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? 
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